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INTRODUCTION

The ocean and the atmosphere are coupled by the fluxes
of momentum, heat, and water, but in situ measurements of
these fluxes are sparse and uneven. Global fields of these
fluxes can be derived from satellite data or obtained from
operational numerical weather prediction (NWP) models. The
NWP models provide quality control and dynamic
interpolation of sparse and uneven data. However, dynamic
interpolation is only as good as the model physics ad
pararnetezization  scheme, and over most of the ocean, there
may not be sufficient data for any useful interpolation.
operational NWP models change frequently; the results are
inconsistent of climatic studies. Reanalysis to produce long
period of consistent data have only been started recently.
Aclequate  observations at temporal and spatial scales
significant to global change research can only be achieved
from the vantage point of space. Spaceborne sensors provide
repeated global observations of some parameters from which
these fluxes can be derived. The status and shortfalls of
spacebascd estimation of the fluxes will be summarized ad
assessed in this report. Satellite data can be assimilated into
numerical model to simulate surface fluxes, but the progress
in developing assimilation technique of unconventional
satellite data has been slow.

MOMENTUM FLUX

The flux of momentum and kinetic energy are resulted
from wind shear. There are three sets of spacebased  global
wind field available now and in the near future. The Special
Sensor Microwave /Imager  (SSIWI) on the operational
spacecraft of the Defense Meteorological Space Program has
provided continuous wind speed measurements over global
ocean since July  1987 [1]. It has a wide scan and, therefore,
good coverage, but lacks directional information. The wind
speed from SSMI has been combined with other available
wind data through a variation method to produce wind vector
fields at 6 hourly intervrd  and 2° by 2.5° resolution. These
wind flekls were found to generate more realistic anomalous
ocean cooling in an ocean general circulation model [2].
SSM/I is an operational sensor and data availability will be
continued well into the next century. The production of wind
vector, however, is a rcseamh effort.

There are scatterometcrs  on board European Remote
Sensing Satellites (ERS) which were specifically designed to
measure surface wind vector [3]. ERS- 1 was launched in
1991 with a C-band scattcrometer  and it was replawd by a
duplicate on ERS-2 in 19%. Unfortunately the ERS
scatterometers  scan a narrow 475 km swath only on one side
of the spacecraft and leaves large data gaps between passes;
the coverage is less than half of SSMJ. ERS winds from
January 1992 have been available but the distribution is
restricted. The next European scatterometer  will be on the
Meteorology Operational Platform (METOP) to be launched
in 2002.

The NASA scatterometer  (NSCAT)  was launched in
August 1996 on the Japanese spacecraft ADEOS-1. It will
scan two 600 km swaths on both sides and will have more
than twice the coverage of ERS scatterometers.  It will cover
over s7V0 of the ocean in one days, and 97?10  in two days,
under both clear and cloudy conditions. NSCAT measures at
Ku-band which has been studied more vigorously than C-
band. NSCAT will be followed by art improved versiou
called SeaWinds, on ADEOS-2 to be launched in 1999. A
third scatterometer  is being proposed for ADEOS-3 to be
launched in 2002. The third version will incorporate a
polarimetric  radiometer as a proof-of-concept study of
measuring wind vector with a passive sensor. Spacebased
observations of wind vector will be continued on the National
Polar-orbiting Operational Satellite System (NPOESS) in the
next century. Summaries of scatterometry  and examples of
applications are given in [4].

HEAT FLUX

Air-sea heat flux can be divided into four components;
sensible heat resulted from thermal gradient, latent heat (IF)
canied by evaporation, shortwave radiation (SR) from the sun
and longwave radiation from the atmosphere and the ocean.
Shortwave radiation and latent heat flux are the larger variable
components over most of the tropical and temperate oceans.

Global SR has been computed from the Earth Radiation
Budget Experiment (ERBE) data from 1985 to 1989 [5]. The
variability of SR is largely controlled by the variability of
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clouds and most of the computations of SR make use of the
high resolution and high sampling of data from gcostationary
satellites. The International Satellite Cloud Climatology
Project (ISCCP)  has provided calibrated and standardized cloud
data from 4 geostationary  satellites operated by the U.S., the
Japanese, and the European space agencies. A number of
methods [6, 7, 8] have been used to compute SR at daily md
2° by 2.5° resolution, including the operational effort by the
Surface Radiation Budget Program at bgley  Research
Center. The availability of ISCCP data is expected well into
the future. The launching of sensors for the Earth
Observation Program, including CERES (Clouds and Earth
Radiant Energy System) will advance the derivation of SR.

The computation of LF requires sea surface temperature
(SST), wind speed (u), and humidity at a level within the
surface layer (q). Over ocean, u and SST have been directly
retrieved from satellite data, but not q. A method of
estimating q and LF from the ocean, using satellite data was
proposed [9] which is based on an empirical relation between
the integrated water vapor (measured by spaceborne
microwave radiometer) and q (required to compute
evaporation) in the mont.hl  y time scale [10]. The physical
rationale is that the vertical distribution of water vapor
through the whole depth of atmosphere is coherent for period
longer than a week [1 1]. The relation does not work well at
synoptic and shorter time scales and also fails in some
regions during summer [12]. The relation have also been
scrutinized in a number of studies [13, 14, 15]. Methods
which include other geophysical parameters or EOF functions
as estimators have also been proposed [16, 17, 18, 19].
Future advanced microwave humidity sounders may improve
the accuracy and temporrd resolution of evaporation
estimation.

It is much more difficult to estimate sensible heat flux
and longwave  radiation from satellite data. The magnitmle
and variability of sensible heat are relatively small over much
of the ocean and near surface air temperature is difficult to
retrieve with sufficient accuracy. It can be derived from LF if
the relative humidity or the Bowen Ratio is known, but the
accuracy is uncertain [20]. Longwave radiation is strongly
a!kcted by atmospheric properties below cloud base which are
hidden from spaceborne sensors. Methods that combined
cloud information with atmospheric soundings and numerical
models have been attempted [21, 22]. Impmved atmospheric
temperature sounders such as Atmospheric Infrared Sounder
(AIRS), scheduled to be launched early next decade may
advance the estimation of these fluxes.

WATER FLUX

Hy&ologic  forcing is the diffcnmce between precipitation
and evaporation. The estimation of evaporation is the same

as the estimation of latent heat flux discussed above.
Attempts have also been made to estimate precipitation from
spawbome  sensors at visible, infrared, and microwave
wavelengths [23, 24]. Passive microwave sensors have the
advantage of more directly related to rain but are limited by
the insufficient sampling of the diurnal cycle by the polm
orbiters. Data production and validation have been mdertaken
by the Global hcipitation  Climatology Project (GPCP) al
data at 2.5° and monthly resolutions from 1986 to 1994 am
available. Precipitation for a very long peziod of time has
also been daived from the operational Microwave Sounding
Unit [251. Improvement in rain measurement is expecled
with the launching the Tropical Rain Measuring Mission
- in 1997.

ASSESSMENT

At present, we have the ability of monitoring
momentum flux over global ocean using spacebased  data.
We could discern the annual variations over a large part of the
global ocean and El Nifio anomalies over the tropical ocean
of the two major components of heat flux. However, we (b
not have the absolute accuracy of the net heat flux to
compute the average meridional ocean heat transport from
spacebascd  heat flux estimates. The retrieving method of q
does not work well at high frequencies and over some region.
The validation of spacebased estimation of precipitation has
been hampered by the lack accurate standard. Surface wird
measurement is sustainable if tbe series of planned
scatterometers  are approved. While present methods of
estimating heat and water fluxes rely on operational sensors
which are sustainable, the estimation of the fluxes from the
satellite &ta are largely research efforts that need to be
supported, before more stable and operational methods
emerge.

The studies of air-sea fluxes involve the interaction of
the atmospheric and ocean and are intrinsically
interdisciplinary. Spacebased estimation of these fluxes
required synergistic combination of multiple sensors from
different flight projects. To pursue such studies, traditional
disciplinary separations (in the research institutes or in the
funding agencies) have to be overcome and individual flight
project prepossession also has to be challq~
Coordination in sensor deployment and data processing is
needed to have coincident or continuous data. The limited
life-span of a single sensor requires continuous sensor
deployment to study interannual  to decadal changes. Because
spaceborne sensors are expensive and require long lead time to
develop, continuous vigilance from the scientific community
to advocate and coordinate is necessary to shepherd these
space programs to fruition.

ACKNOWLEDGMENTS

2



,., ●

● ✌☛

This study was performed at the Jet Propulsion
IAoratory, under contract with the National Aeronautics and
Space Administration (NASA). It was supported by the
Earth Observing System Interdisciplinary Science Program
and the Physical Oceanography Program of NASA’s Mission
to Planet Earth.

REFERENCES

[1] Wentz,  F.J., “Measurement of oceanic wind vectors using
satellite microwave radiometer”, IEEE Tram. Geosci,
Remote Sens.,  30, 960-972, 1992.

[2] Liu, W.T., W. Tang, and R. Atlas, ‘Responses of the
tropical Pacific to wind forcing as observed by spaceborne
sensors and simulated by an ocean general circtdation
model”, J Geophys.  Res., 101, 16345-16359, 1996.

[3] Attema,  E.P.W., ‘The active microwave Instrument on
board the ERS-1 satellite”, Proc.  IEEE, 79,791-799,
1991.

[4] Liu, W.T. and W. Tang, “Spaceborne scatterometer  in
studies of atmospheric and oceanic phenomena form
sYnoPtic  to interammal  time scales”. Space Remote
Sensing of Subtropica/  Ocean. C.T. Liu (cd.), Elsevier
Press, Amsterdam, in press.

[5] Ii, Z, and H.G. Leighton, “Global climatologies  of the
solar radiation budgets at the surface and in the atmosphere
from 5 years of ERBE data.”, J. Geophys.  Res., 98, 4919-
4930, 1993.

[6] Gautier,  C., G. Disk, and S. Masse, “A simple physical
model to estimate incident solar radiation at the surface
from GOES satellite data” J. AppL Meteor., 19, 1821-
1844, 1980.

~ Bishop, J.K.B., and W.B. Rossow, “Spatial and tempor~
variability of global surface solar irradiance”  J. Geophy.s.

Res.,  96, 16839-16858,1991.
[8] Pinker, R.T., and I. Laszlo, “modeling surface solar

irradiance  of satellite applications on a global scale”, J.
Appl,  Meteor,,  31, 194-211,1992.

[9] Liu, W,T., and P.P. Niiler, “Determination of monthly
mean humidity in the atmospheric surface layer over oceans
from satellite data”, J. Phys. Oceanogr.,  14, 1451-1457,
1984.

[10] Liu, W.T., “Statistical relation between monthly
precipitable  water and surface-level humidity over global
oceans. Mon. Wea. Rev., 114, 1591-1602.1986.

[11] Liu, W.T., W. Tang, and P.P. Niiler,  “Humidity
profiles over ocean”, J. Ciim.,  4, 1023-1034,1991.

[12] Liu, W.T., W. Tang, and F. J. Wentz, ‘Tkecipitable
water and surface humidity over global oceans from SSMI
and ECMWF”, J. Geophys.  Res., 97, 2251-2264, 1992.

[13] Hsu, S,A., and B,W. Blanchard,  “The relationship
between total preeipitable  water and surface-level humidity

over tie  sea stiam: a further evaluation”, J. Geophys.
Res.,  94, 14539-14545, 1989.

[14] Esbensen,  S.K., D.B. Chelton,  D. Vickers,  and J. Sun,
“An anrdysis  of errors in Special Sensor Microwave Imager
evaporation estimates over the global oceans” J. Geophys.
Res., 98,7081-7101, 1993.

[15J  Jourdan, D .  ad C .  Gautier, “Comptison bctw~
global latent heat flux computed from multi-sensor (SSM/I
and AVHRR) and from in-situ data”, J. Atmos. d
Oceanic Tech, 12,46-72, 1994.

[16] Wagner, D., E. Ruprecht,  and C. Simmer, “ A
combination of microwave observations from satellite axl
an EOF analysis to retrieve vertical humidity profiles over
the ocean”, J. Appl. Meteor,,  29, 1142-1157,1990.

[171 Cresswell,  S., E. Ruprecht, and C. Simmer, “Latent
heat flux over the North Atlantic Oce-an-A  case study. J.
AppL Meteor., 30, 1627-1635, 1991.

[18] Miller, D.K., and K.B. Katsaros, “Satellitederived
surface latent heat fluxes in a mpidly intensifying marine
cyclone” Mon. Wea. Rev., 120, 1093-1107, 1991.

[19] Chou, S.H., R.M. Atlas, and J. Ardir.zone,  “Iktimates
of surface humidit  y and latent heat fluxes over oceans from
SSM/I data”, Mon. Wea. Rev., 123,2405-2435,1995.

31, 1361-1367.
[20] fiu, W.T., and P.P. Niiler,  1990: The sensitivity of

latent heat flux to the air humidity approximations used in
ocean circulation models. J. Geophys.  Res., 95, 9745-
9753, 1990.

[21]  Frouin, R. , C .  Gautier, and J. Morcrette, 1 9 8 8 :
Downward longwave imadiance at the ocean surface from
satellite dak methodology and in situ vali&tion.  J.
Geophys.  Res., 93,597-619.

[22] Gupta, S.K., W. Damell, and A.C. Wilber, 1992: A
parametrization for longwave surface radiation from
satellite &h recent improvements. J. Appl. Meteor.,

[23]Arkin,  P.A., P.E. Ardanuy, “Estimating climatic-scale
precipitation from space: a review”, J, Climate, 2, 1229-
1238, 1989.

[24] Wilheit, T.T., A.T.C, Chang, and L.S. Chiu, “Retrieval
of monthly rainfall indices from microwave radiometric
measurements using probability distribution functions”, J.
Atmos. Oceanic Tech., 8, 118-136, 1991.

[251 Spencer, R.W., “Global oceanic precipitation from the
MSU during 1979-92 and comparisons to other
climatologies”, J. Cfim, 6, 1301-1326,1993.

3


